Background: The Systolic Blood Pressure Intervention Trial is a multicenter, randomized clinical trial of 9361 participants with hypertension who are 50 years old. The trial is designed to evaluate the effect of intensive systolic blood pressure control (systolic blood pressure goal \120 mm Hg) compared to standard control (systolic blood pressure goal \140 mm Hg) on cardiovascular events using commonly prescribed antihypertensive medications and lifestyle modification. Objective: To describe the recruitment strategies and lessons learned during recruitment of the Systolic Blood Pressure Intervention Trial cohort and five targeted participant subgroups: pre-existing cardiovascular disease, preexisting chronic kidney disease, age 75 years, women, and minorities. Methods: In collaboration with the National Institutes of Health Project Office and Systolic Blood Pressure Intervention Trial Coordinating Center, five Clinical Center Networks oversaw clinical site selection, recruitment, and trial activities. Recruitment began on 8 November 2010 and ended on 15 March 2013 (about 28 months). Various recruitment strategies were used, including mass mailing, brochures, referrals from healthcare providers or friends, posters, newspaper ads, radio ads, and electronic medical record searches. Results: Recruitment was scheduled to last 24 months to enroll a target of 9250 participants; in just over 28 months, the trial enrolled 9361 participants. The trial screened 14,692 volunteers, with 33% of initial screens originating from the use of mass mailing lists. Screening results show that participants also responded to recruitment efforts through referral by Systolic Blood Pressure Intervention Trial staff, healthcare providers, or friends (45%); brochures or posters placed in clinic waiting areas (15%); and television, radio, newspaper, Internet ads, or toll-free numbers (8%). The overall recruitment yield (number randomized/number screened) was 64% (9361 randomized/14,692 screened), 77% for those with cardiovascular disease, 79% for those with chronic kidney disease, 70% for those aged 75 years, 55% for women, and 61% for minorities. As recruitment was observed to lag behind expectations, additional clinics were included and inclusion criteria were broadened, keeping event rates and trial power in mind. As overall recruitment improved, a greater focus on subgroup recruitment was implemented. Conclusion: Systolic Blood Pressure Intervention Trial met its overall projected recruitment goal using diverse, locally adapted enrollment strategies to specifically target persons with cardiovascular disease, chronic kidney disease, 75 years old, women, and minority subgroups. The trial exceeded its recruitment goal for minorities but found it a challenge to meet the competing demands of the targeted goals for recruiting into the remaining four subgroups. Important lessons include the imperative to monitor the recruitment process carefully, decide early to add new clinics or modify inclusion and exclusion criteria if recruitment lags, and consider limiting enrollment to subgroups only. We found benefit in using multiple recruitment sources simultaneously; mass mailing produced the largest number of participants, but referrals resulted in the greater randomization yield.
Introduction
Recruitment of participants is paramount to the success of clinical research. A recent Cochrane review estimated that less than 50% of studies achieve their enrollment goal or reach the target without having to extend study duration. 1 Recruitment shortfalls or prolonged enrollment time without an extension to observe the intervention's effects often means that studies lack statistical power to address their hypotheses. In cardiovascular trials with hard clinical endpoints such as death or hospitalization for stroke or myocardial infarction, the length of time for following participants is vital to having enough statistical power to accurately answer the research question. 2, 3 The Systolic Blood Pressure Intervention Trial (SPRINT) is an open design, two-arm multicenter randomized trial to test whether lowering systolic blood pressure to \120 mm Hg versus \140 mm Hg reduces cardiovascular disease risk and other outcomes. The SPRINT recruitment plan was to enroll 9250 participants with a systolic blood pressure 130 mm Hg and at least one additional cardiovascular disease risk factor over a 2-year period and to follow them for 4-6 years. 4 Eligibility for SPRINT required the presence of clinical or subclinical cardiovascular disease (excluding stroke); chronic kidney disease, defined as estimated glomerular filtration rate (eGFR) 20-59 mL/min/ 1.73 m 2 ; age 75 years; or a Framingham Risk Score for 10-year cardiovascular disease risk 15%, but excluding diabetes mellitus. The trial design and detailed inclusion/exclusion criteria have been described previously. 5 In addition to the overall recruitment target of 9250, there were five separate subgroup goals, including three clinical and two demographic subgroups, although some participants are counted within more than one subgroup: (1) cardiovascular disease history (40% or 3700), (2) chronic kidney disease (46% or 4300), (3) age 75 years (35% or 3250), (4) women (50% or 4625), and (5) racial/ethnic minorities (40% or 3700).
In collaboration with the National Institutes of Health Project Office and the SPRINT Coordinating Center, five Clinical Center Networks managed the recruitment of 9361 (101% of goal) SPRINT participants at 102 clinical sites across the United States and in Puerto Rico.
Prior large hypertension trials-Systolic Hypertension in the Elderly Program, 3, 6 Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack, 7, 8 and Action to Control Cardiovascular Risk in Diabetes 9demonstrated that multiple recruitment strategies are required for successful enrollment. All these trials took longer to recruit than originally anticipated, ranging from 3 months, approximately 10 months, to 1.5 years longer than planned. SPRINT effectively recruited for overall numbers in just over 4 months longer than planned, but also concentrated efforts on meeting the specific subgroup goals as described in this article. As noted in the Treweek Cochrane review, the effect of various types of enrollment techniques is unclear, but an open trial design is one cited as more effective at increasing recruitment. 1 SPRINT was at an advantage in this regard because the target blood pressure intervention necessitated that both participants and investigators were unmasked to the participant's assigned treatment goal.
Methods
With support and coordination from the National Institutes of Health Project Office and the SPRINT Coordinating Center, the responsibilities for recruitment oversight and activities were managed by five Clinical Center Networks. SPRINT convened a Recruitment, Retention, and Adherence Subcommittee, which reports to the SPRINT Steering Committee, to oversee trial-wide recruitment strategies and progress.
The Recruitment, Retention, and Adherence Subcommittee comprised representatives from the Coordinating Center, the Project Office, and all five of the Clinical Center Networks, including the network coordinators who oversaw, managed, and tracked the recruitment activities of all sites in their network ( Figure 1 ).
The plan was to recruit 9250 participants into SPRINT over a period of 24 months and to follow participants for 4-6 years to test whether the lower systolic blood pressure goal (\120 mm Hg) would result in a 20% reduction in cardiovascular disease events (cardiovascular disease mortality, non-fatal myocardial infarction, acute coronary syndrome, stroke, and heart failure). The sample size estimation and power calculation assumed a 2-year uniform recruitment period. The recruitment efficiency (R-factor) is the ratio of the number of person-years actually accrued divided by the number of person-years expected during the planned recruitment period. [9] [10] [11] 
Recruitment strategies used in SPRINT
Recognizing that recruiting such a large number of participants is a challenge for any trial and also has been challenging in past hypertension clinical trials, the SPRINT investigators adopted a wide variety of recruitment strategies that were used simultaneously by all Clinical Center Networks, including use of mass mailing, media, posters or brochures, electronic medical record searches, and referrals by clinic staff. [6] [7] [8] [9] Most recruitment materials were developed by the SPRINT Coordinating Center (in English and Spanish) and were provided to each Clinical Center Network, with the flexibility to adapt materials prior to distribution to their target populations. In addition, the SPRINT website (www.SPRINTTRIAL.org) incorporated a public view which provided a description of the trial, basic inclusion/exclusion criteria, answers to potential participant questions, and contact information for all participating clinics across the United States and in Puerto Rico. 12 Potential participants could enter their zip codes into the map section of the website to determine whether a SPRINT clinic was within a 50-mile radius of their zip code.
As the Recruitment, Retention, and Adherence Subcommittee monitored SPRINT recruitment over time, they found that using specifically targeted mass mailings was one of the most cost-effective and fruitful resources, particularly for locating potential participants based on age, gender, and zip code.
Mass mailings
To help meet the recruitment goals of the study, direct mass mailings were initially employed by four of the five Clinical Center Networks. Mailing lists were obtained from third-party vendors, and information sources for these mailing lists may have included voter registration lists, data from the US Census Bureau, state departments of motor vehicles data, public records, phone directories, consumer surveys, selfreported data, and purchase transactions. Commercial lists, purchased from specialty marketing sources, generally included a full name and address for use on the mailing brochure. Commercial lists also included addresses with zip code information, useful for targeting mailings to those living near the clinical site, or by gender, race, or age, to meet target enrollment in these categories.
One Clinical Center Network utilized their internal Computerized Participant Records Systems, which is an integrated electronic medical record system that includes the patient problem list, pharmacy, laboratory results, consults, progress notes, and an order list. 13 Essentially, this Clinical Center Network used Computerized Participant Records Systems as a database for an internal mass mail campaign.
After Institutional Review Board approval, each participating SPRINT Clinical Center Network provided the mail vendor with personalized recruitment material templates. Mass mailings generally targeted potential participants within a reasonable commute of a specified SPRINT clinic. The mail volume for each clinical site varied throughout the recruitment period. Usually between 5000 and 15,000 pieces per clinical site were customized at the printer, mail merged with the existing already enrolled participant lists to prevent duplication, and mailed at the third-class bulk mail rate. Mailings were set to occur every 2-4 weeks, depending on recruitment goals, but were spaced to prevent clinic staff from being overwhelmed by screening phone calls, as well as to minimize the time from first participant contact to screening appointment.
The Clinical Center Networks varied on their use of targeted information to achieve subgroup goals, and use of direct mail allowed the Clinical Center Networks to rapidly change their target focus and thus adapt to the enrollment needs of the trial. For example, in an effort to fill study subgroup goals, often the Clinical Center Networks directed recruitment efforts toward people aged 70 years as a means of increasing subgroup numbers due to the increased likelihood of these individuals having other comorbid conditions such as cardiovascular disease or chronic kidney disease.
Brochures and posters
Quite a few SPRINT sites were primary care clinics, and thus, participants were recruited from the pool of patients who were seen in the clinic and given brochures about the trial. The brochures were tri-fold color, on card stock paper, with photographs of racially and ethnically diverse older citizens featured prominently. The goal of the brochure was to provide information to the public of the purpose of the trial, the general inclusions (age, sex, and race), as well as general exclusions (diabetes mellitus and previous stroke). Their design provided for a customizable space, which featured the local clinical site's name and address, coordinator contact name, phone number, toll-free number, and business email address. Posters were 14$ 3 18$ and similar in design features and content, including displaying the same general inclusion/exclusion criteria as the brochure.
Referrals: hospital, clinic chart review, healthcare provider, and friends All Clinical Center Networks also identified potential eligible participants for SPRINT by conducting comprehensive chart reviews. Patient databases were typically components of medical records that have been digitized to electronic medical records. These integrated applications are often used in the daily operations of health care and include hospital coding/billing systems and/or data warehouse repositories. Prior to conducting large medical record searches, each clinic sought approval from its local regulatory institutional review board, including approval for preparatory research waivers or authorization for research to use and disclose private health information. After approval was granted, computerized searches were conducted from patient databases to identify participants meeting the SPRINT inclusion/exclusion criteria.
Databases were initially searched by age and International Classification of Diseases, ninth revision codes for hypertension (401.9) and excluded anyone with diabetes (250.0). Data were further filtered for other exclusionary diagnoses and laboratory values. Because of the need to increase enrollment of prespecified subgroups (history of cardiovascular disease or chronic kidney disease; participants' age 75 years), database search criteria were rapidly modified to direct searches toward subgroup enrollment.
For those hospitals and clinics with electronic medical records, electronic billing databases were used to generate lists of potentially eligible participants. Clinic staff manually reviewed the generated lists and contacted potentially eligible persons by mail. The electronic medical records search would exclude participants with diagnosis codes of diabetes mellitus, prior stroke, polycystic kidney disease, dementia, solid organ transplant, or those with a eGFR \20 mL/min/ 1.73 m 2 .
Essential recruitment documents (a letter of recruitment describing the study, SPRINT brochure or frequently asked questions sheet, and any other necessary SPRINT recruitment materials) were mailed at the third-class bulk mail rate on behalf of the clinical site principal investigator. For potentially eligible persons identified on generated participant lists, which were external to the principal investigator clinical site practice, study staff contacted the physicians of those potentially eligible participants by letters, emails, or phone for permission to approach their patients. Once granted permission, the investigator and/or study staff contacted the potential participant to ask about his or her interest in the study. If there was interest, then pertinent study information was mailed or an in-clinic screening was scheduled. A participant was considered ''screened'' if any eligibility data were collected; prescreening activities were not collected centrally and are not included in this article. Recruitment source (mass mail, media, referral, or brochure/poster) was collected directly from potential participants, and more than one recruitment source could be identified.
Use of mass media
For clinics with very challenging recruitment targets, mass media campaigns were used in conjunction with mass mail, including television, radio, and newspaper advertisements. Internet advertising was also done through the study website, with a ''Find a SPRINT Clinic Near You'' link on a map showing study site locations. Some networks also added advertisements to clinic on-hold messages. Advertisements included an 800 number for potential participants to find out more information about the study.
Recruitment of subgroups
In order to address specific scientific questions of interest, SPRINT recruitment focused on three trial-specific clinical subgroups: a cardiovascular disease cohort of 3700 participants (40%), a chronic kidney disease cohort of 4300 participants (46%), and a cohort of 3250 participants 75 years old (35%). In addition, to ensure the generalizability of the trial results and in support of the 1994 National Institutes of Health policy on the inclusion of women and minorities in clinical research, SPRINT had demographic subgroup goals to recruit 50% (4625) women and 40% (3700) individuals from racial/ethnic minority backgrounds. 14 A participant could be in more than one of these five subgroups. In addition, participants' age \75 years without cardiovascular disease or chronic kidney disease could be enrolled in the trial if they had a screening Framingham Risk Score of 15% for a 10-year risk of cardiovascular events. These participants who were enrolled solely based on their Framingham Risk Score were not included in counts of the three trial-specific clinical subgroups.
High-risk participants with cardiovascular disease other than stroke
Participants in the cardiovascular group included those with clinical cardiovascular disease (other than stroke) and subclinical cardiovascular disease. The planned subgroup recruitment was 3700 participants (40%). The clinical cardiovascular disease definition included a history of myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, and acute coronary syndrome. Detailed inclusion criteria for clinical and subclinical cardiovascular disease are described in the SPRINT design paper. 3 Clinics searched their medical records using these criteria to increase the number of participants with the existing cardiovascular disease. The study also endeavored to include cardiology clinics as SPRINT sites, and wherever possible, participants were sought from nearby heart centers and cardiology clinics.
Chronic kidney disease
Participants with a screening eGFR between 20 and 59 mL/min/1.73 m 2 were sought for the trial. The overall goal was to recruit 4300 (46%) participants with chronic kidney disease. In an effort to increase chronic kidney disease subgroup numbers, nephrology clinics referred their patients for screening. Additionally, some SPRINT sites were chosen by virtue of the fact that they were already seeing a high number of participants with the existing kidney disease.
Participants' age 75 years
Regardless of cardiovascular disease history or risk, any participant who was aged 75 years or older at the time of screening was eligible to enroll in SPRINT if they did not have an exclusionary condition. The goal of age 75 years was chosen to assess the effects of blood pressure control on cognition and other outcomes in older people. Methods used to increase recruitment of this subgroup were the inclusion of sites focused on treating older individuals, recruitment at senior centers, and mailing lists targeting those 75 years old. In total, the goal was to include 3250 (35%) participants aged 75 years or older.
Women
According to both 2000 and 2010 US Census data, the ratio of women to men was 51% to 49%. Consequently, an important study goal was to enroll 4625 (50%) female participants. Consistent with efforts seen for other subgroups, there was specific recruitment from women's centers and clinics to bolster enrollment into this subgroup.
Minority participants
Of the total SPRINT population, it was expected that 40% of trial participants would be of minority backgrounds (African Americans, Hispanics, Native Americans, and Asians). Recruitment strategies to maximize enrollment of persons from minority groups were used and included targeted mass mail campaigns to minority persons, use of culturally sensitive messages to encourage participation of minority groups, and translation of the recruitment materials into Spanish to maximize enrollment of Hispanic populations. Moreover, many SPRINT recruiting sites were found in dense urban locales where minority representation was higher.
Results
The first randomization occurred on 8 November 2010 and the last on 15 March 2013 (about 28 months). All clinical sites were funded within the same period; however, several clinics were later added to bolster recruitment. One Clinical Center Network was deferred from beginning screening for 5 months due to unforeseen delays in the Central Institutional Review Board approval process, thereby limiting recruitment in their network to 23 months.
SPRINT screened 14,692 potential participants and randomized 9361 participants. The R-factor for the SPRINT trial was 77%, indicating that because we enrolled for 28 months we accrued 23% less person follow-up time than planned during the 24-month recruitment period.
Despite the decreased per-person follow-up time, the SPRINT blood pressure intervention was stopped about a year earlier than anticipated, in September 2015, after a median follow-up of 3.26 years, because the lower blood pressure intervention showed a 25% benefit in the primary composite outcome, as well as a 27% reduction in all-cause mortality. 15 Table 1 provides a comparison of screened participants by randomization status (non-randomized versus randomized) and key baseline subgroup. Recruitment yield is also shown within each subgroup. In accordance with the intent of the inclusion and exclusion criteria to identify a high-risk study population, randomized participants tended to have more risk factors when compared with non-randomized participants. Randomized participants were older, less likely to be female, had higher average systolic blood pressure and diastolic blood pressure but not heart rate, more clinical or subclinical cardiovascular disease, and a higher Framingham Risk Score. Tables 2-5 are an expansion of Table 1 , breaking participants into the top four most used recruitment sources. While mass mail was used the most often, referrals by SPRINT staff, healthcare providers, and friends had the highest yield. It should also be noted that many participants listed more than one recruitment source; therefore, the counts in Tables 1-5 add to more than the total number screened (14,692) or randomized (9361).
Targeted recruitment results
With the exception of racial/ethnic minorities, the trial fell short in reaching subgroup targets. The cardiovascular disease subgroup accrual rate was half of the trial goal (20%), with only one Clinical Center Network exceeding recruiting in this subgroup (28%), which may be attributed to the proportionally higher prevalence of cardiovascular disease in men versus women. Among participants qualifying for this subgroup, 47% had coronary revascularization, 35% had prior myocardial infarction, 23% had acute coronary syndrome with or without electrocardiogram changes (or electrocardiogram changes on graded test, or positive cardiac imaging), 16% had carotid endarterectomy or carotid stenting, 7% had peripheral artery disease with revascularization, and 41% had other clinical or subclinical cardiovascular disease within the past 2 years.
Although the recruitment goal for chronic kidney disease participants was not met, two Clinical Center Networks had relatively greater success. The key reason for the higher rates of chronic kidney disease participants in one Clinical Center Network is that this network comprised mainly nephrologists. The other Clinical Center Networks also included a high number of nephrologists and the ability to target specific chronic kidney disease groups using their large electronic medical records nationwide database.
The age distribution of randomized participants is as follows: 609 (6.5%) aged \55 years, 3221 (34.4%) aged 55-64 years, 2895 (30.9%) aged 65-74 years, 2250 (24.0%) aged 75-84 years, and 386 (4.1%) aged 85 years and older. Although not achieving the overall study goal of 35% of participants 75 years old, two Clinical Center Networks (both 39%) exceeded the study goal due to extensive recruitment efforts in populations aged 75 years. Recruitment of this number of older participants proved to be challenging, and actual enrollment was only 28% (N = 2636) despite targeted efforts to increase the participation of this subgroup. None of the Clinical Center Networks achieved their goal (50%) for women, in part reflecting the lower risk status of women in comparison with men. Although CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; CVD: cardiovascular disease. * The p-value for difference in randomization status between groups <0.001 for all categories except age (p = 0.004) and CVD (p = 0.011).
6061 (41%) of total recruitment screened were women, only 3332 (36%) were randomized. However, four of the five Clinical Center Networks recruited over 40% women. It was expected that one Clinical Center Network would not be able to contribute significantly to the recruitment of women (2%) due to their predominantly male population. Minority recruitment exceeded the study goal through heavy recruitment in the African American communities in two of the Clinical Center Networks (46% and 47%, respectively), as well as high numbers of participants in the Hispanic communities (52%) through the eight sites affiliated with the Clinical Center Networks with responsibilities in Puerto Rico and New York City.
Successful strategies to overcome recruitment challenges

Intervention 1: additional sites
In the five Clinical Center Networks, there were projected to be 90 sites at the onset of the study. Three months into the recruiting process accrual numbers were less than anticipated, so the decision was made to expand the number of SPRINT sites; thus, 12 sites were subsequently added as a strategy to bolster overall recruitment as well as enrollment into the specified subgroups. Since the trial opened for enrollment in November 2010, six clinical sites have been closed, with the participant population transferred to another clinical site when possible, leaving 96 total clinics in the SPRINT trial.
Intervention 2: protocol changes to age-based recruitment and lower eGFR limit
The initial design of SPRINT included recruitment of participants aged 55 years and older and individuals with chronic kidney disease with an eGFR of 25-59 mL/min/1.73 m 2 . While recruiting participants greater than 55 years was feasible, SPRINT investigators recognized that a significant proportion of highrisk patients (cardiovascular disease and chronic kidney disease) could be recruited if the eligibility age was reduced to 50 years old or older. In addition, investigators judged that lowering the eGFR from 25 to 20 mL/ min/1.73 m 2 would expand the number of potential participants with chronic kidney disease eligible for the trial, thus enhancing recruitment and generalizability. Therefore, in May 2011, the SPRINT investigators asked the trial's independent data and safety monitoring board for a recommendation in favor of modifying the trial's inclusion criteria. This recommendation was approved, and the SPRINT protocol was subsequently changed to allow this wider inclusion criteria. As indicated above, lowering the age threshold resulted in a substantial number of additional participants (n = 609) recruited. Lowering the estimated glomerular filtration threshold resulted in 57 additional chronic kidney disease participants.
Intervention 3: close of non-clinical-subgroup recruitment
One strategy for recruiting participants with cardiovascular disease and chronic kidney disease was to target recruitment of participants who were 75 years old. While somewhat effective, clinical subgroup recruitment still lagged. Figures 2 and 3 portray the recruitment experience overall and by subgroup over the duration of the enrollment period. While variable, overall clinical subgroup recruitment did increase with time. However, a key decision was whether to focus all efforts on recruiting participants in the three trial-specific clinical subgroups (cardiovascular disease, chronic kidney disease, 75 years old). Study leadership was concerned about the overall recruitment rate and thus was apprehensive about whether closing off all but clinical subgroup enrollment would further reduce the accrual rate. While this strategy of subgroup-only recruitment caused some debate because of the possibility that it would greatly slow total study enrollment and increase the time to reach the overall recruitment goal, it proved to be an effective strategy for increasing subgroup enrollment while at the same time not negatively impacting overall accrual numbers substantially. About 6 months prior to the end of the trial's recruitment period, the National Institutes of Health Project Office made the decision to limit enrollment into SPRINT to the three major clinical subgroups of cardiovascular disease, chronic kidney disease, or 75-year-old participants.
A proviso to this decision was that clinics could request exemption from subgroup-only recruitment if doing so would affect clinic viability. Approximately 20% of clinical sites asked for exemption to continue to enroll non-clinical subgroup participants, and these decisions were made on a ''case-by-case'' basis by each Clinical Center Network in collaboration with the National Institutes of Health Project Office and the SPRINT Coordinating Center. Often the decision to continue non-subgroup enrollment was allowed due to concern that the site's ability to continue enrolling and thus its overall viability would be adversely affected (i.e. a site needed to enroll a minimum number of participants to support the staff required to carry out the remainder of the trial).
Discussion
Large multicenter randomized trials such as SPRINT offer multiple unique challenges faced in recruitment at each level of the organization from the National Institutes of Health Project Office to the clinical sites. First, as in the Systolic Hypertension in the Elderly Program and the Action to Control Cardiovascular Risk in Diabetes trials, our findings indicate that mass mailing is one of the most important strategies in recruitment for a large interventional trial. 3, 16 In addition, the Systolic Hypertension in the Elderly Program team noted that the involvement of experienced recruitment staff is important and that although the total time spent by staff on recruitment may also improve results, it matters less than the recruiting staff's level of experience. 3, 6, 16 SPRINT was fortunate because many of the staff had experience in previous large clinical trials, including hypertension trials such as Systolic Hypertension in the Elderly Program, Action to Control Cardiovascular Risk in Diabetes, and the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial. 7, 8 Second, because of a priori specified high-risk clinical subgroups, the SPRINT trial required flexibility in recruitment methods that fit the needs and schedule of the investigative staff in order to enrich the participant population with the pre-specified clinical subgroups. This was achieved in multiple ways, including targeted direct mail campaigns and electronic medical records searches, as well as the use of clinics specializing in nephrology, hypertension, and geriatrics.
Although SPRINT had experienced clinicians and staff at all organizational levels in the trial and a plan for targeting the patient populations relevant to the trial, the SPRINT leadership found that additional measures were required to meet the overall recruitment goal as well as to increase the subgroup enrollment numbers. The National Institutes of Health Project Office encouraged the addition of sites just 3 months after recruitment had begun, thus increasing the number of SPRINT sites relatively quickly as a way to prevent further enrollment shortfalls. Those selected sites were noted to have a participant population that was highly reflective of the subgroups being sought in SPRINT. This targeted approach for the addition of clinical sites was found to be a useful strategy. While adding clinics increases costs, this additional expense must be considered in relation to the potential cost of extending the recruitment period and trial duration.
The changes in eligibility criteria increased the feasibility of recruitment. When considering a change in inclusion criteria, it is important to balance recruitment efficiency alongside consideration of event rates and intervention effects.
The strategy of closing off recruitment to focus on SPRINT subgroup populations was judged risky in terms of overall recruitment yield; however, it ended up being an effective strategy for increasing subgroup enrollment and did not result in substantially lower accrual numbers during the last 6 months of recruitment.
Regarding barriers to subgroup recruitment for cardiovascular disease, the desire of usual care physicians to maintain control of the use of blood pressurelowering medications may have served as a barrier to recruiting participants with cardiovascular. Three issues that may have reduced recruitment of chronic kidney disease participants were the exclusion of participants with diabetes, severity of illness (i.e. too low eGFR in some chronic kidney disease participants), and the desire of usual care physicians to maintain control of the use of blood pressure-lowering medications. Potential barriers for recruitment of those 75 years old included protocol-specified exclusion criteria that restricted comorbid conditions such as diabetes and previous stroke. Finally, we believe that the lower rate of enrollment of women in SPRINT was partly due to the limited number of women in one of the Clinical Center Networks and because the women screened proved not to have the higher risk required for inclusion in the study.
SPRINT took 4 months longer than expected to finish randomization, but enrolled 111 more participants than planned. The R-factor was 77%, indicating that we lost some follow-up time during the recruitment period. However, this likely had little effect on study power in a study of this duration (4-6 years of followup time).
The primary limitation of this article is that we did not collect data on prescreening activity. This decreased our ability to provide true recruitment yield starting with all potential participants reached. We did not collect any data on the cost of our recruitment sources and can make no comment on recruitment cost-effectiveness. Recruitment source was collected directly from participants. No additional confirmation was done. We recommend that future studies track recruitment source, possibly by attaching a code to each advertisement or mailing that the participant would use when contacting the clinical site.
Recruitment in SPRINT was challenging in and of itself because the overall goal of 9250 is a large number of participants to recruit. However, it was even more challenging to balance the competing demands of the three trial-specific clinical subgroups of cardiovascular disease, chronic kidney disease, and 75-year-old participants, as well as goals for recruiting women and minorities. Thus, one of the key lessons learned in SPRINT is that it is difficult to simultaneously meet multiple subgroup goals. Careful monitoring of recruitment performance, combined with early decisionmaking on altered recruitment strategies such as adding clinics or modifying inclusion criteria, is critical to success. Closing recruitment to all but important subgroups of participants could possibly be considered relatively early in the recruitment phase of the trial, but should be weighed against the overall accrual status of the trial.
As previous large blood pressure trials have found, we conclude that as many recruitment sources as possible are necessary for successful enrollment. Future trials may benefit from our finding that mass mailing brought in the largest number of participants but that the largest randomization yield was from referrals.
